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(54) Polycrystaline diamond compact insert reaming tool 

(57) A reamer for drilling a hole liaving a diameter 
larger than a pass through diameter is disclosed. In one 
aspect, the reamer includes a body having reaming 
blades affixed at aztmuthally spaced apart locations. 
These blades have cutters attached at selected posi- 
tions. An outermost surface of each blade conforms to a 
radially least extensive one, from a longitudinal axis of 
the reamer, of a pass through and a drill circle, The drill 
circle is substantially coaxial with the axis. The pass- 
through circle is axially offset from the drill circle and 
defines a section wherein the pass-through circle 
extends from the axis past the drill circle, so that cutters 
disposed on the reaming blades in the section drill at full 
drift diameter, while avoiding wall contact at the pass- 
through diameter. In another aspect, the reamer 
includes a pilot hole conditioning section Including azi- 
muthally spaced apart blades affixed to the body longi- 
tudinally ahead of the reaming blades. The pilot blades 
include a taper at their downhole end, a gauge pad hav- 
ing a diameter substantially equal to the drill diameter of 
a pilot bit longitudinally ahead of the reamer, and at 
least one intermediate cutter affixed longitudinally 
behind the gauge pad. The intermediate cutter is later- 
ally positioned to drill a hole having an intermediate 
diameter larger than the pilot hole and smaller than the 
reamer drill diameter. The pilot blades Include an inter- 
mediate gauge pad having a diameter substantially 
equal to the intermediate diameter. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The invention is related to the field of ream- 
ing tools used to enlarge the diameter of welJbores 
drilled through the earth beyond the diameter of a drill 
bit used to Initially drill the wellbore through earth. 

Description of the Related Ar t 

[0002] Drill bits used to drill wellbores through earth 
formations typically have a nominal diameter, that Is, a 
diameter of a borehole that will be created when the drill 
bit is rotated and impressed axially onto the formations. 
Frequently it Is desirable to enlarge the diameter of the 
borehole beyond the nominal diameter of the drill bit 
Specialized drill bits, known as bi-center bits, have been 
developed to create boreholes having drilled diameters 
greater than the diameter of an opening through which 
such bits will pass when they are not rotated. Other 
tools for enlarging a borehole beyond the nominal diam- 
eter of a symmetric bit (one whose drill diameter is sub- 
stantially the same as its nominal diameter) include 
reamer wings. Reamer wings are typically assembled to 
a drilling tool assembly (drill string) at a selected axial 
position behind (away from the drilling surface) the drill 
bit. Reamer wings have cutting elements positioned on 
blades which extend radially outward from the rotational 
center of the drill string to a greater distance therefrom 
than the radius of the drill bit. When the reamer wing is 
rotated, the cutting elements drill the enlarged borehole. 
[0003] Reamer wings are described for example in 
U. S. patents nos, 5,495,899 issued to Pastusek et al, 
5,497,842 issued to Pastusek et al, and 5,766,653 
issued to Doster et al. Reamer wings typically include a 
tubular housing or body having a number of longitudi- 
nally extensive, azimuthally spaced apart, and generally 
radially-extending blades. The blades having cutting 
elements on them. The cutting elements are typically 
polycrystalllne diamond compact inserts, carbide 
inserts or a combination of these. The reamer wings 
known in the art are susceptible to drilling a borehole in 
which the surface of the borehole is not smooth and 
round. Further, the reaming wings known in the art are 
susceptible to damage to the cutting elements affixed to 
the blades. Still further, the reamer wings known In the 
art are typically unable to chill out equipment used to 
cement a steel a casing in place in the borehole (float 
equipment) without damage to the cutting elements on 
the blades. 

SUMMARY OF THE INVENTiON 

[0004] One aspect of the invention Is a reaming tool 
including a body having reaming blades affixed to the 



body at azimuthally spaced apart locations. The ream- 
ing blades have cutters attached to them at selected 
positions. An outermost surface of each one of the 
reaming blades conforms to a radially least extensive 

5 one, with respect to the longitudinal axis of the reaming 
tool, of a pass through circle and a drill circle. The drill 
circle is substantially coaxial with the longitudinal axis. 
The pass-through circle Is axially offset from the drill cir- 
cle and defines an arcuate section inside which the 

to pass-through circle extends from the longitudinal axis 
beyond the lateral extent of the drill circle, so that radi- 
ally outermost cutters disposed on the reaming blades 
positioned azimuthally within the arcuate section will 
drill a hole having a drill diameter substantially twice a 

75 maximum lateral extension of the reanning blades from 
the longitudinal axis, while substantially avoiding wall 
contact along an opening having a diameter of the pass 
through circle. In one embodiment of this aspect of the 
Invention, the reaming blades positioned azinnuthally 

20 outside the arcuate section include wear resistant 
inserts on their outermost surfaces. In one example, the 
inserts are tungsten carbide, polycrystalllne diamond or 
the like. 

[0005] Another aspect of the Invention is a reaming 

25 tool Including a body having reanning blades affixed to 
them at azimuthally spaced apart locations. The ream- 
ing blades have cutters attached to them at selected 
positions along each one of the reaming blades. In this 
aspect of the invention, the reaming tool Includes a pilot 

30 hole conditioning section having a plurality of azimuth- 
ally spaced apart blades ("Pilot blades") affixed to the 
body longitudinally ahead of the reaming blades. The 
pilot blades include a taper on their downhole ends, a 
gauge pad having a diameter substantially equal to a 

35 drill diameter of a pilot bit used to drill a pilot hole longi- 
tudinally ahead of the reaming tool, and an Intermediate 
cutter affixed to selected ones of the pilot blades longi- 
tudinally behind the gauge pad. The intermediate cut- 
ters are positioned laterally so as to drill a hole having 

40 an intermediate diameter larger than the pilot hole 
diameter and smaller than a drill diameter of the reann- 
ing tool. The pilot blades include an intermediate gauge 
pad axially "uphole" of the intermediate cutters, if used, 
these gauge pads having a diameter substantially equal 

45 to the Intermediate diameter 

[0006] Another aspect of the Invention is a reaming 
tool including a body having reaming blades affixed to 
the body at azimuthally spaced apart locations around 
the circumference of the body. The reaming blades 

50 each have at least one cutter attached to them at a 
selected position along each of the blades, the position 
and/or orientation of the cutter selected to minimize lat- 
eral force imbalance of the reaming tool. One embodi- 
ment of this aspect of the invention Includes a pilot hole 

55 conditioning section having a plurality of azimuthally 
spaced apart pilot blades affixed to the reaming tool 
body longitudinally ahead of the reaming blades. 
[0007] Another aspect of the Invention is a reaming 
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tool including a body having reaming blades affixed to 
the body at azimuthally spaced apart locations around a 
circumference of the body. Selected ones of the ream- 
ing blades include cutters attached to thenri at selected 
positions. In this aspect of the invention, the reamer 5 
Includes a pilot hole conditioning section, including a 
plurality of azimuthally spaced apart pilot blades affixed 
to the reamer body longitudinally ahead of the reaming 
blades. At least one of the reaming blades is formed as 
a single structure with an azimuthally corresponding -fc 
one of the pilot blades. 

[OOOS] Another aspect of the Invention is a reaming 
tool including a plurality of reamtng blades affixed to a 
body at azimuthally spaced apart locations. Selected 
ones of the reaming blades are formed as spirats. is 
[0009] Another aspect of the invention is a reaming 
tool including a body having reaming blades affixed to 
the body at azimuthally spaced apart locations around a 
circumference of the body. Selected ones of the ream- 
ing blades include cutters on them at selected positions, 20 
The reaming tool in this aspect also includes a pilot hole 
conditioning section having a plurality of azimuthally 
spaced apart pilot blades affixed to the body longitudi- 
nally ahead of the reaming blades. The pilot blades 
each include a taper on the downhole end of the blade, 25 
a gauge pad having a diameter substantially equal to a 
drill diameter of a pilot bit used to drill a pilot hole longi- 
tudinally ahead of the reaming tool, and at least one 
Intermediate cutter affixed to selected ones of the pilot 
blades longitudinally behind the gauge pad. The at least 30 
one intermediate cutter is laterally positioned to drill a 
hole having an intermediate diameter larger than the 
pilot hole and smaller than a drill diameter of the ream- 
ing tool. Selected ones of the pilot blades include an 
intermediate gauge pad having a diameter substantially 35 
equal to the intermediate diameter. At least one of a 
position and an orientation of the at least one intermedi- 
ate cutter is selected so that net lateral force generated 
by the reaming tool is within about twenty percent of the 
axial force (weight on bit) applied to the reamtng tool. In 40 
another embodiment, the net lateral force is within 
about 15 percent of the axial force on the reaming tool 
(weight on bit). In a particular embodiment of this aspect 
of the invention, the pilot blades mclude a taper on the 
downhole edge. Selected ones of the tapers can include 45 
an auxiliary cutter thereon, 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] 50 

Figure 1 shows an oblique view of one example of a 
reaming tool. 

Figure 2 shows a side view of the example reaming 
tool shown in Figure 1. 55 
Figure 3 shows an end view of a reaming section of . 
the example reaming tool of Figure 1. 



DETAILED DESCRIPTION 

[0011] One example of a reaming tool is shown in 
Figure 1 at 10. The reaming tool 10 is formed on a body 
12 made of high-strength material. The body 12 is 
adapted to be coupled to a rotary wellbore drill string 
(not shown), preferably by means of threaded connec- 
tions 14. 16 machined or otherwise formed into the lon- 
gitudinal ends of the body 12. The body 12 includes a 
plurality of azimuthally spaced apart blades 22 formed 
therein or otherwise affixed to the body 1 2, Some of the 
blades 22 include cutters 1 24, 224 positioned thereon at 
spaced apart locations. The cutters 124, 224 are prefer- 
ably polycrystalline diamond compact (PDC) inserts or 
the like, but other types of cutters such as carbide cut- 
ters will work with the invention. The reaming tool 10 
Includes a plurality of dulling fluid discharge orifices 26 
to provide drilling fluid flow during drilling operations to 
cool the reaming tool 1 0 and to wash away drill cuttings 
as earth formations (not shown) are deformed by the 
cutters 124, 224. 

[001 2] Generally speaking, the reaming tool 1 0 can 
be divided into a pilot hole conditioning section 1 8 and a 
reaming section 20 each of which will be explained in 
more detail. One purpose of the hole conditioning sec- 
tion 18 is to provide a round, smooth borehole which 
acts as a thrust surface against which the cutters 224 in 
the reaming section 20 can push, so that the reaming 
section 20 drills a hole having a diameter (referred to as 
the "drill diameter") which is larger than the diameter of 
an opening through which the reaming tool 1 0 can freely 
pass (this diameter referred to as the "pass-through 
diameter"). These diameters will be further explained. 
Another purpose of the pilot hole conditioning section 
18 is to provide lateral force which balances the lateral 
forces exerted by the cutters 224 on the reaming section 
20, as will he further explained. 

[0013] Aside view of the example reaming tool 10 is 
shown in Figure 2. The blades 22 in the pilot hole condi- 
tioning section 18 each include on their "downhole" 
ends (ends nearest threaded connection 14) a taper 28. 
Threaded connection 14 is referred to as the downhole 
end since it is in the direction of a pilot bit (not shown) 
which can be directly attached to threaded connection 
14 or can be indirectly attached thereto. The pilot bit 
(not shown) as is understood by those skilled in the art, 
drills a "pilot" hole having a nominal diameter less than 
the drill diameter of the reaming tool 1 0. See for exam- 
ple, T. M. Warren et a I, Simultaneous DhiUng and Ream- 
ing with Fixed Biade Reamers, paper no. 30474, 
Society of Petroleum Engineers, Richardson, Texas 
(1 995), The tapers 28 align the reaming tool 1 0 with the 
hole drilled by the pilot bit (not shown). In the case 
where the pilot bit {not shown) is not attached directly to 
the reaming tool 10, and is therefore axially separated 
from the reaming tool 10 by a substantial distance, it is 
preferable to Include auxiliary cutters 128 on the tapers 
28 to facilitate alignment of the reaming tool 10. includ- 
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ing the auxiliary cutters 128 on the tapers 28 enables 
easy passage of the reaming toot 1 0 along the pilot hole 
when the longitudinal axis 34 of the reaming tool 1 0 is 
not aligned with the pilot hole due to flexure in the drill 
string between the pilot bit (not shown) and the reaming 5 
tool 10. The auxiliary cutters 128 also enhance the abil- 
ity of the reaming tool 1 0 to property drill tlirough special 
equipment ("float equipment") used to cement a steel 
pipe or casing into a wellbore. Prior art reamer wings 
did not have good ability to drill through such float 70 
equipment without some damage to the casing or to the 
prior art reamer wing. The numbers of, and azimuthal 
focattons of the blades in the pilot hole conditioning sec- 
tion 18 are not meant to limit the invention, but as a 
practical matter, the reaming tool 1 0 will perform better 75 
if the blades are azimuthally distributed around the cir- 
cumference of the pilot hole conditioning section 1 8 in a 
way which substantially maintains the axial position of 
the reaming toot 1 0 concentricalEy within the pilot hole. It 
Is clearly within the contemplation of this aspect of the 20 
invention, for example, that two pilot hole conditioning 
blades spaced 180 degrees apart, or three pitot hole 
conditioning section blades spaced 120 degrees apart 
azimuthally in the pilot hole conditioning section IS will 
result in adequate performance of the reaming tool 1 0. 25 
[0014] Pilot gauge pads 30 tn the pilot hole condi- 
tioning section 1 8 help to maintain axial alignment of the 
reaming toot 10 in the pilot hole. As is tcnown in the art, 
pilot holes can be enlarged beyond the diameter of the 
pilot bit (not shown), out of round, rugose, or otherwise 30 
not form a smooth cylindrical surface. This is particu- 
larly the case when the pilot bit (not shown) is the roller 
cone type, as is known In the art. One aspect of the. 
Invention is the inclusion of cutters 124 in the pilot hole 
conditioning section 1 8. The pilot hole conditioning sec- 35 
tion cutters 124 are positioned to drill a hole having a 
slightly larger diameter than the nominal diameter of the 
pilot bit (not shown). For example, if the pitot bit (not 
shown) has an 8,5 inch (215.9 mm) diameter, the cut- 
ters 124 can be laterally positioned along the pilot hole 40 
conditioning section blades to drill an intermediate pilot 
hole having approximately 9 inch (228.6 mnn) diameter. 
The intermediate pilot hole diameter can be maintained 
by intermediate gauge pads 32 positioned axlally 
"uphole" (away from the pilot bit) from the pilot hole con- 45 
ditioning section cutters 124. The pilot hole conditioning 
section cutters 124, and the intermediate gauge pads 
32, provide a smooth, round, selected diameter thrust 
surface against which the reaming section 20 can then 
drill a hole having the selected drill diameter of the 50 
reaming tool 10. The example diameters for the pilot 
hole and intermediate pilot hole are only meant as 
examples and are not meant to limit this aspect of the 
invention. 

[0015] The positions and orientations of the pilot 55 
hole conditioning section cutters 124 on the pilot blades 
are preferably selected to provide a lateral force which 
nearly matches in magnitude and offsets in azimuthal 



direction, a net lateral force exerted by all the cutters 
224 on the reaming section 20. Methods for selecting 
positions and orientations to achieve the desired force 
balance are known in the art. See for example, T 1^1. 
Warren et al, Drag Bit Performance Modeling, paper no. 
1561 /.Society of Petroleum Engineers, Richanzlson, 
TX, 1986. 

[0016] Figure 3 is an end view of the reaming sec- 
tion 20. In Figure 3, the reaming blades are designated 
by numerals B1 through B7to identify them individually. 
In making the reaming tool 10 according to one aspect 
of the invention, the outer surfaces of the reaming 
blades B1-B7 can first be machined such as on a lathe, 
or otherwise formed, so as to conform to a circle having 
the drill diameter, which is twice the largest lateral 
extent shown in Figure 3 from the longitudinal axis 
34 of any of the reaming blades B1-B7. The drill diame- 
ter of the reaming tool 10 is the diameter to which the 
drill hole will be opened by passage of the reamer 
blades B1-87 as the reaming tool 10 rotates about the 
longitudinal axis 34. This conformance circle, the so- 
called "drill circle", is shown in Figure 3 at CD. The drill 
circle CD is substantially coaxial with the longitudinal 
axis 34 of the reaming tool 10, as the reaming tool 10 
rotates about the longitudinal axis 34 during drilling. The 
reaming blades B1-B7 are, in addition, shaped so that 
the reaming tool 10 can pass freely through an opening 
which is smaller than the chill diameter (2 X Rr). This 
diameter is referred to as the "pass through" diameter A 
circle showing the opening through which the reaming 
tool 10 will pass is shown in Figure 3 as the "pas- 
through circle" CP. To enable passage of the reaming 
too! 10 through the pass-through circle CP, the outer 
surfaces of the reaming blades B1-B7, after being 
formed to fit within the drill circle CD, can then be cut 
such as on a lathe, or otherwise formed, to conform to 
the pass-through circle CP. The pass-through circle CP, 
however, is axlally offset from the drill circle CD (and the 
longitudinal axis 34) by an amount which results in 
some overlap between the circumferences of the pass 
througii circle CP and circumference of the drill circle 
CD. The intersections of the pass-through circle CP and 
drill circle CD circumferences are shown at A and B in 
Figure 3, and the overlapping section ("overlap section") 
is shown at X. Within the overlap section X, circumfer- 
entially between points A and B, any reaming blades so 
azimuthally located are shaped to conform to the drill 
circle CD, as within the overlap section X, the drill circle 
CD Is radially less extensive from the longitudinal axis 
34 than is the pass through circle CR In this example, 
blades B1 and B2 are located azimuthally within the 
overlap section X. Outside the overlap section X, the 
reaming blades (B3-B7 in this example) conform to the 
pass-through circle CP because within this azimuthal 
range the pass through circle CP is radially less exten- 
sive from the longitudinal axis 34 than is the drill clncle 
CD. The particular azimuthal locations of the reaming 
blades B1-B7 shown in Figure 3 are only meant to illus- 
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trate the principle by which the reaming blades on the 
reaming tool 10 are formed. The specific azinnuthal 
positions of the reamer blades, and the numbers of 
such reamer blades within and without the overlap sec- 
tion X shown in Figure 3 are not meant to specifically 
limit the invention. 

[0O17] Because the reammg blades 81, B2 within 
the overlap section X conform to the drill circle CD, the 
radially outermost cutters 224A positioned on these 
blades 81, 02 can then be positioned on the leading 
edge (the edge of the blade which faces the direction of 
rotation of the reaming tool 1 0) thereof so that the cutter 
locations will trace a circle having the full driiE diameter 
(2 X Rr) when the reaming toot 1 0 rotates about the lon- 
gitudinal axis 34. The radially most extensive reaming 
blades B1, B2, however, are positioned azimuthally in 
the overlap section X, as previously explained. The drill 
circle CD defines, with respect to the longitudinal axis 
34, the laterally outermost part of the reaming tool 1 0 at 
every azimuthal position, as previously explained. 
Therefore the blades B1 , B2 within the overlap section X 
will extend only as far laterally as the radius of the drill 
circle CD. The radially outermost cutters 224A on 
blades B1 and B2 can be positioned at "full gauge", 
meaning that these cutters 224A are at the same radial 
distance from the longitudinal axis 34 as the outermost 
parts of the blade B1, B2 onto which they are attached, 
and will therefore cut a full drill diameter hole. However, 
the cutters 224A on blades B1, B2 are also disposed 
radially inward from the pass-through circle CP at these 
same azimuthal positions because of the limitation of 
the lateral extent of these blades B1, B2. Therefore, the 
outermost cutters 224A wiM not contact the Inner sur- 
face of an opening having a diameter about equal to the 
pass-through diameter as the reaming tool 10 is moved 
through such an opening. The preferred shape of the 
radially outermost neaming blades B1, B2 and the posi- 
tion of radially outermost cutters 224A thereon enables 
the reaming tool 10 to pass freely through a protective 
casing (not shown) Inserted into a wellbore, without sus- 
taining damage to the outermost cutters 224 A, while at 
the same time drilling a hole which has the full drill 
diameter (2 X Rr). 

[0018] The reaming blades which do not extend to 
full drilt diameter (referred to as "non-gauge reanning 
blades"), shown at B3-B7, preferably have their outer- 
most cutters 224B positioned radially inward, with 
respect to pass-through circle CR of the radially outer- 
most portion of each such non-gauge reaming blade 
B3-B7 to avoid contact with any part of an opening at 
about the pass-through diameter. This configuration of 
blades B3-B7 and cutters 224B has proven to be partic- 
ularly useful in efficiently drilling through equipment 
(called "float equipment") used to cement in place the 
previously referred to casing. By positioning the cutters 
224B on the non-gauge reaming blades B3-B7 as 
described herein^ damage to these cutters 224B can be 
avoided. Damage to the casing (not shown) can be also 



be avoided by arranging the non-gauge cutters 224B as 
described, particularly when drilling out the float equip- 
ment. Although the non-gauge reaming blades B3-B7 
are described herein as being formed by causEng these 

5 blades to conform to the pass-through circle CR it 
should be understood that the pass-through circle only 
represents a radial extension limit for the non-gauge 
reaming blades B3-B7. It is possible to build the ream- 
ing tool 10 with radially shorter non-gauge reaming 

10 blades. However, it should also be noted that by having 
several azimuthally spaced apart non-gauge reaming 
blades which conform to the pass-through circle CP, the 
likelihood Is reduced that the outermost cutters 224A on 
the gauge reaming blades 81, B2 will contact any por- 

15 tion of an opening, such as a well casing, having less 
than the drill diameter. 

[0019] Another aspect of the invention is the use of 
cutters 224B positioned on the reaming blades B3-B7 
located outside the overlap section X. Prior art reamer 

20 wings typically had blades substantially only on one 
side of the reamer Any lateral extensions of prior art 
reamer wings in azimuthal positions away from the 
Intended cutting area were typically in the form of pads 
having no cutting structures thereon. In this aspect of 

25 the invention, at least one cutter can be included on 
each reaming blade B3-B7 located outside the overlap 
section, even those reaming blades (such as B4-B6 in 
Figure 3) which are azimuthally substantially opposite 
the gauge reaming blades B1 , B2. The azimuthal posi- 

30 tions of the blades B1-B7 shown in Figure 3 are only an 
example of azimuthal positions which will work with this 
aspect of the invention, but this aspect of the invention 
will perform better when the blades B1-B7 are distrib- 
uted around substantially all the circumference of the 

35 body 12. Preferably the cutters 224B on the non-gauge 
reaming blades B3-B7, as previously explained, should 
be located radially inboard of the outer edge of the non- 
gauge reaming blades to avoid damage thereto when 
the reaming tool 10 is passed through an opening hav- 

40 Ing the pass through diameter. The purpose of including 
the cutters 224B on the non-gauge reaming blades B3- 
B7 is to provide azimuthally more balanced cutting force 
to the reaming tool 1 0 than is possible using only cutters 
on the gauge reaming blades B1 , B2. By better azimuth- 

45 ally balancing the cutting forces, the drilling stability of 
the reaming tool 10 of this invention is improved over 
prior art reamer wings. The particular positions and/or 
orientations of the cutters 224A 224B are preferably 
selected to minimize the overall net lateral force gener- 
ic ated by the reaming section 20. Methods for selecting 
cutter orientations and positions are described !n the 
Warren et al reference referred to earlier, for example. 
[0020] Even using the cutters 224B on azimuthally 
distributed blades as shown in Figure 3, the reaming 

55 section 20 will develop some net lateral force during 
drilling of earth formations. The net lateral force is a 
result of having a much larger number of cutters 224 
concentrated on the gauge reaming blades B1 , B2, In 
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an aspect of the Invention previously referred to, the 
positions and/or orientations of the intermediate gauge 
cutters (124 in Figure 2) on the pilot hole conditioning 
section (1 8 in Figure 2) are be selected to provide a net 
lateral force imbalance which within about twenty per- 5 
cent of axial force (referred to in the art as "weight on 
bit") applied to the reaming tool 1 0. More preferably, the 
net lateral force should be within about fifteen percent of 
the axial force on the reaming tool 10, Such force bal- 
ancing enhances the drilling stability of the reaming too! to 
10 as compared to prior art reamer wings. 
[0021] Another aspect of the invention is the shape 
of the reaming blades B1-B7. The preferred shape Is 
spiral-like. Ho particular configuration of spiral Is 
required, however it is preferred that the blades B1-B7 15 
are shaped so that the cutters 224A, 224B aligned 
along a leading edge of the blade are not all at the same 
azimuthal position. Although the example shown in Fig- 
ure 3 has every blade being spirally shaped, It Is within 
the contemplation of this invention that only selected 20 
ones of the blades can be spiral shaped while the other 
blades may be straight. Each cutter on any such straight 
reaming blade may be at the same azimuthal position 
as the other cutters thereon. 

[0022] The reaming blades which do not extend to 25 
full drill diameter, B3-B7 in Figure 2, preferably Include 
inserts 122 on their laterally outermost surfaces. The 
Inserts 122 can be made from polycrystalilne diamond, 
tungsten carbide, or other hard, wear resistant material. 
The inserts 122 reduce wear on the surfaces of the so 
reaming blades B3-B7, particularly when the reaming 
tool 10 is moved through casing or any other opening 
having approximately the pass-through diameter. 
[0023] Referring once again to Figure 2, another 
aspect of the invention will be explained. At least some 35 
of the blades 22 in the reaming section 20 can be 
formed Into the same structure as the corresponding 
one of the blades in the pilot hole conditioning section 
IB. Some of the reaming section 20 blades may not be 
formed as continuations of a corresponding pilot hole 40 
conditioning section blade, depending on the number of 
and azimuthal positions of the blades in the pilot hole 
conditioning section 18. 

[0024] It will be apparent to those skilled In the art 
that other embodiment of the invention described herein 45 
can be devised which do not depart from the spirit of 
this invention. Accordingly the invention shall be limited 
in scope only by the attached claims. 

Clatms 50 

1. A reaming tool, comprising: 

a body (12) having reaming blades (B1,...B7) 
affixed thereto at azimuthal ly spaced apart 55 
locations, selected ones of said reaming 
blades (B1,,..B7) having cutters (224) attached 
thereto at selected positions, an outermost sur- 



face of each of said reaming blades (B1,„.B7) 
conforming to a radially least extensive one 
with respect to a longitudinal axis (34) of said 
reaming tool of a pass through circle (CP) and 
a drill circle (CD), said drill circle (CD) substan- 
tially coaxial with said longitudinal axis (34) 
said pass-through circle (CP) axially offset from 
said drill circle (CD) and defining an arcuate 
section (X) wherein said pass-through circle 
(CP) extends from said longitudinal axis (34) 
past said drill circle (CD), so that radially outer- 
most cutters (224A) disposed on ones of said 
reaming blades (B1,B2) positioned azimuthally 
within said arcuate section (X) drill a hole hav- 
ing a drill diameter substantially twice a maxi- 
mum lateral extension {Hp) of said reaming 
blades from said longitudinal axis (34) while 
substantially avoiding wall contact along an 
opening having a diameter of said pass 
through circle, 

2. The reaming tool as defined in claim 1 , further com- 
prising: 

a ptiot hole conditioning section (18) compris- 
ing a plurality of azimuthally spaced apart pilot 
blades (22) affixed to said body (12) longitudi- 
nally ahead of said reaming blades (B1,...B7), 
said pilot blades (22) each including a taper 
(28) at a downhole end thereof, said pilot 
blades (22) each including a gauge pad (30) 
having a diameter substantially equal to a drill 
diameter of a pilot bit used to drill a pilot hole 
longitudinally ahead of satd reaming tool, at 
least one intermediate cutter (124) affixed to 
selected ones of said pilot blades (22) longitu- 
dinally behind said gauge pad (30), said at 
least one intermediate cutter (124) laterally 
positioned to drill a hole having an intermediate 
diameter larger than said pilot hole and smaller 
than a drill diameter of said reaming tool, 
selected ones of satd pilot blades (22) including 
an intermediate gauge pad (32) having a diam- 
eter substantially equal to said Intermediate 
diameter. 

3. A reaming tool, comprising: 

a body (12) having reaming blades (B1,...B7) 
affixed thereto at azimuthally spaced apart 
locations, selected ones of said reaming 
blades having cutters (224) attached thereto at 
selected positions thereon; and 

a pilot hole conditioning section (18) compris- 
ing a plurality of azimuthally spaced apart 
blades (22) affixed to said body (12), said pilot 
blades (22) each including a taper (28) at a 
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downhole end thereof, said pilot blades (22) 
each including a gauge pad (30) having a 
diameter substantially equal to a drili diameter 
of a pilot bit used to drill a pilot hole longitudi- 
nally ahead of said reaming tool, selected ones 5 
of said pilot blades (22) Including at least one 
intermediate cutter (124) affixed thereto longi- 
tudinally behind said gauge pad (30), said at 
least one intermediate cutter (124) positioned 
laterally to drill a hole having an intermediate ^0 
diameter larger than said pilot hole and smaller 
that a drill diameter of said reaming tool, 
selected ones of said pilot blades including an 
intermediate gauge pad (32) having a diameter 
substantially equal to said intermediate diame- 75 
ter. 

4. A reaming tool, comprtsing: 

a body (12) having reaming blades (B1,...B7) 20 
affixed thereto at azimuth ally spaced apart 
locations around a circumference of said body 
(IS), selected ones of said reaming blades 
(B1,...B7) including cutters (224) thereon at 
selected positions; and 25 

a pilot hole conditioning section (1 3) compris- 
ing a pluralHy of azimuthally spaced apart pilot 
blades (22) affixed to said body (18) longitudi- 
nally ahead of said reaming blades (B1 ,.„B7). 30 

5. The reaming tool according to claim 4, wherein said 
at least one cutter (224) is attached to said body 
(1 8) at positions and orientations on each of said 
blades to minimize a net lateral force developed by 35 
said reaming tool. 

6. The reaming tool according to claim 4 or 5, wherein 
at least one of said reaming blades (B1,...B7) is 
formed as a single structure with a corresponding 40 
one of said pilot blades (22). 

7. The reaming tool as defined in one of claims 4 to 6, 
wherein said pilot blades (22) each include a taper 
(28) at a downhole end thereof, said pilot blades 45 
(22) each including a gauge pad (30) having a 
diameter substantially equal to a drill diameter of a 
pilot bit used to drill a pilot hole longitudinally ahead 

of said reammg tool, at least one intermediate cut- 
ter (124) affixed to selected ones of said pilot so 
blades (22) longitudinally behind said gauge pad 
(30), said at least one intermediate cutter (124) lat- 
erally positioned to drill a hole having an intermedin 
ate diameter larger than said pilot hole and smaller 
than a drill diameter of said reaming tool, and an 55 
intermediate gauge pad (32) having a diameter 
substantially equal to said intermediate diameter. 



S. The reaming tool according to one of claims 3 to 7, 
wherein an outermost surface of each of said ream- 
ing blades (B1,...B7) conforms to a radially least 
extensive one with respect to a longitudinal axis 
(34) of said reaming tool of a pass through circle 
(CP) and a drill circle (CD), said drill circle (CD) 
substantially coaxial with said longitudinal axis (34), 
said pass-through circle (CP) axialiy offset from 
said drill circle (CD) and defining an arcuate section 
(X) wherein said pass-through circle (CP) extends 
from said longitudinal axis (34) past said drill cinsle 
(CD), so that radially outermost cutters (B1 ,B2) dis- 
posed on ones of said reaming blades disposed 
within said arcuate section (X) drill a hole having a 
drill diameter substantially twice a maximum lateral 
extension (Rr) of said reaming blades (B1,.„B7) 
from said longitudinal axis (34) while substantially 
avoiding wall contact along an opening having a 
diameter of said pass through circle. 

9. The reaming tool according to one of claims 1 to 8, 
wherein at least one of a position and an orientation 
of said at least one intermediate cutter (124) is 
selected so that said reaming tool generates a net 
lateral force less than about twenty percent of an 
axial force applied to said reaming tool. 

10. The reaming tool according to one of claims 1 to 8, 
wherein at least one of a position and an orientation 
of said at least one intermediate cutter (124) is 
selected so that said reaming tool generates a net 
lateral force less that about fifteen percent of an 
axial force applied to said reaming toot. 

11. The reaming tool according to one of claims 1 to 10, 
further comprising an auxiliary cutter (12S) dis- 
posed on selected ones of said tapers (28) on said 
pilot blades (22) to improve drill out of float equip- 
ment 

12. The reanning tool according to one of claims 1 to 1 1 , 
wherein selected ones of said blades (22) on said 
pilot hole conditioning section (18) form unitized 
structures with azimuthally corresponding ones of 
said reaming blades (B1,„.B7), 

13- The reaming tool according to one of claims 1 to 12, 
wherein said reaming blades (B1,.„B7) are azi- 
muthally distributed around a circumference of said 
body (12), and further comprising cutters (224) dis- 
posed on selected ones of said reaming blades 
(81, ...B7) in positions and orientations selected to 
minimize a net lateral force developed by said 
reaming blades during drilling of earth formations. 

14. The reaming tool as defined in one of claims 1 to 
13, wherein selected ones of said reaming blades 
(B1,...B7) comprise a spiral structure. 
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15. The reaming tool as defined In one of claims 1 to 

14, wherein ones of said reamtng blades (B1,B2) 
disposed azinnuthally outside said arcuate section 
(X) comprise wear resistant inserts (224B) on later- 
ally outernnost surfaces thereof. 5 

16. The reaming tool as defined in one of claims 1 to 

15. wherein selected ones of said blades (22) on 
said pilot hoie conditioning section (18) form uni- 
tized structures with azimuthally corresponding 10 
ones of said reaming blades (B1,...B7). 
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